Introduction
Periodontal diseases are inflammatory reactions that affect the supporting tissues of the teeth, which consist of: Gingiva, periodontal ligament, root cementum and alveolar bone. In children, the most common form, belonging to the classification of periodontal disease, is plaque-associated gingivitis [1] , which is reversible when the plaque is removed but, in a few cases, a more serious destruction with bone loss is observed [2] . Microbial dental plaque and the presence of periodontal pathogens are necessary for the initiation of periodontal disease, but the host defense is the important factor that affects the progression and severity of periodontitis in individuals affected by systemic diseases [3] . Some of the periodontal pathogens present in the periodontal pockets were found to be Actinobacillus actinomycetemcomitans, Prevotella intermedia, Eikenella corrodens and Capnocytophaga sputigena [4] . Aggressive form of periodontal disease in children and adolescents, resulting in premature tooth loss, is uncommon and is often associated with chronic diseases and disabilities that have a major impact on the immune system [5, 6] . The age of onset is early, during or after the eruption of primary dentition [7] . 
Results
Hematological disorders (Table 1) .
Neutropenia: Neutrophils are the major part of leukocytes and these cells are the first line of defense against infection [11] . They have a short lifespan and a significant decrease in the number of neutrophils or alterations in their function, may compromise the host's response to infection [12, 13] . The number of polymorphonuclear leukocytes (PMNs) in the peripheral blood is below 1000/mm 3 in infants, and below 1000/mm 3 or 1500/mm 3 in children [14] .
Chronic benign neutropenia:
Chronic benign neutropenia is characterized as a noncyclic neutropenia [15] and is the most common form of neutropenia of infants and children less than 4-years-old [16] . The incidence of this disease was estimated around 3.9 per 100.000 births [17] . Chronic benign neutropenia can follow a familial pattern as well, which would be in the form of an autosomal dominant condition that begins in infancy and is usually characterized by a self-limiting course of 10-18 months. Under physiological conditions, the neutrophils that are present in the junctional epithelium help with the phagocytosis of the bacteria. This type of defense is not possible during the neutropenic phase of the disease, or other cells such as monocytes take over [5] . Individuals with this condition often present with otitis media, upper respiratory infections, lymphadenopathy, pneumonia and sepsis due to the decreased response to infections [16] .
The oral clinical picture can be recurrent oral ulcerations, chronic gingivitis with areas of desquamation and chronic periodontitis depending on the severity of the neutropenia [16] . In some cases, oral infection is quite severe [18] . Fortunately, as these individuals get older, the risk of infection is greatly reduced [16] .
The maintenance therapy of chronic benign neutropenia occurs with granulocyte colony-stimulating factor with systemic disorders is a challenge. It is important that the correct diagnosis is made for the appropriate treatment to be given. A thorough medical and dental history should be done and consultation with a physician is necessary [8] .
According to the International Workshop in 1999, periodontitis as a manifestation of systemic diseases is a separate disease category [9] . The impaired host response in these subjects is a significant contributing factor that increases the susceptibility to periodontitis [10] .
Systemic diseases are divided into hematological and genetic disorders [9] .
The types of hematological disorders are: 
Other
The aim of this study was to review the current literature concerning periodontal disease in children and adolescents associated with the most common systemic disorders, and to give emphasis to the etiology of the systemic diseases, the clinical oral manifestations and the possible therapeutic approaches.
Material and Methods
The articles used were accessed from Medline database (via PubMed) using the following MeSH terms: "Periodontal Diseases", AND "Hematologic Diseases" imately 50% of all childhood malignant diseases [22] . Anaemia, infections and thrombocytopenia are usually present due to impaired marrow function [20] .
One of the first signs of acute myeloblastic leukemia and acute lymphocytic leukemia can be generalized gingival swelling, bleeding and oral ulcerations [22] . In acute lymphocytic leukemia, tooth mobility can be a rare symptom [21] .
The treatment for leukemia is chemotherapy and some acute leukemias respond well [23] .
It is important that, prior to chemotherapy, the patient must undergo a dental examination and eliminate possible sources of periodontal infection by means of [19] . Periodontal treatment includes the efficient control of dental plaque and calculus with regular professional cleaning [5] .
Leukemia: Leukemia is caused by uncontrolled proliferation of white blood cells that infiltrate the tissues and cause enlargement of spleen, liver and lymph nodes. Leukemias can be acute or chronic, and they are classified according to the leucocyte type (granulocytes, monocytes, lympohcytes) involved [20] . Typically, acute lymphocytic leukemia is the most common form of childhood leukemia, although it is less likely to manifest oral lesions [21] . It has been reported that acute myeloblastic and lymphoblastic leukemia account for approx- . There seems to be also an association between matrix MMPs and lymphocytes subpopulations, which may facilitate the migration of immune cells into periodontal tissue and contribute to its increased degradation [46] . It has been found that the prevalence of periodontal disease is higher when the subjects live in institutions rather than at home, and that they suffer from alveolar bone loss from childhood or adolescence, which becomes worse when they get older and reaches about 70% [34] .
Therefore, it is advisable to begin routine preventive treatment in patients with Down syndrome at an early age [47] , in order to reduce periodontal tissue breakdown because except from the immune deficiency, these children are often unable to brush their teeth correctly and thus have control of bacterial plaque.
Leukocyte adhesion deficiency syndrome (LAD):
LAD is an inherited autosomal-recessive disorder characterized by defects in adhesion receptors of the white blood cells. Defects in the expression of glycoproteins adhesion molecules result in abnormalities in phagocytosis, and defect in the neutrophil's ability to leave the vascular space [14, 48] . There are three main types of LAD. Type I is caused by mutation in membrane β 2 integrin, type II has a defect in the expression of ligands for selectins, and type III has other defects including platelet aggregation abnormalities. The most common form is type I, and patients present recurrent bacterial infections, impaired pus formation and impaired wound healing [7, 49] .
The oral manifestations in type I include severe gingival inflammation and rapidly progressive periodontal destruction around the primary and the permanent periodontal therapy. A multidisciplinary approach is essential for any dental intervention [24] . Periodontal treatments of patients with leukemia, involves plaque control and mechanical debridement in order to prevent bacteremia and gingival bleeding [25] .
Genetic disorders (Table 2).
Familial and cyclic neutropenia: It is a rare autosomal dominant disorder characterized by a cyclical decrease in the number of circulating neutrophils, because of ELANE mutation encoding neutrophil elastase [26] . The decrease in the number of neutrophils occurs every 21 days and lasts for 3-6 days at a time [27] . Its incidence is 0.5-1 case per million [16] .
The clinical symptoms during this phase are: Fever, malaise, headache, anorexia, pharyngitis, lymphadenopathy, sepsis, ulcers of the oral mucous membrane and gingival inflammation [16] . Patients are prone to severe periodontal disease [28] .
The maintenance therapy of cyclic neutropenia occurs with granulocyte colony-stimulating factor, but the only curative treatment is hematopoietic stem cell transplantation [29, 30] .
It is recommended that professional removal of dental plaque and calculus should be done monthly and during the neutropenic episodes, antibiotics may be given in order to prevent oral infection [23] . correlation between the severity of skin lesions and the severity of periodontitis.
Chédiak-Higashi syndrome:
Chédiak-Higashi syndrome is a rare, often fatal, autosomal recessive genetic disorder, caused by mutation in the lysosomal trafficking regulator gene (LYST) [57] . This disorder features abnormal giant lysosomal granules within the leukocytes. Furthermore, as the neutrophils exhibit reduced content of hydrolytic enzymes, this results in intracellular killing of phagocytosed bacteria [58] . This mutation result often in multiple recurrent infections and lymphoproliferative disorders in multiple organs, bleeding abnormalities [58] and muscle weakness [59] .
According to the literature, severe gingivitis, oral ulcerations and early onset periodontitis, are the most common oral manifestations [5, 16] .
Bone marrow transplantation is the treatment choice, and thus the predisposition to periodontal disease can be diminished [48, 59, 60] .
Unfortunately, most of the cases because of severe destruction of the periodontal tissues, will result in tooth extraction [16] . Consequently, the response to periodontal treatment is related to the severity of the syndrome and the outcome in the severe forms of the syndrome might be unsuccessful [49] .
Langerhans cell histiocytosis (Histiocytosis X):
Langerhans cell histiocytosis is caused by an abnormal proliferation of bone marrow-derived histiocytes, with leucocytes, eosinophils, neutrophils, lymphocytes, plasma cells and giant multi-nucleated cells. It is classified in three forms: Eosinophilic granuloma, Hand-Schüller-Christian disease, and Letterer-Siwe disease. Eosinophilic granuloma is the most frequent and benign and is characterized as a uni-or multifocal lesion in single or various bones. Hand-Schüller-Christian disease is present in children or young adults, featured with the characteristic triad of exophthalmos, osteolytic lesions of the cranium and diabetes insipidus. The third clinical form, Letterer-Siwe disease, is present in children under three-years-old and is very aggressive and fatal [61] .
Clinical signs and symptoms in these children are: Periodontitis, loss of alveolar bone replaced by soft tissue, ulceration and necrosis of the oral mucosa, resembling necrotizing ulcerative periodontitis, and premature loss of teeth. Destruction of lamina dura results in the radiographic appearance of "floating teeth" [20, 48, 51, 62] . In the fibrous tissue, there is an infiltrate of inflammatory cells of which the majority are histiocytes [61] .
Treatment can be a combination of surgery, chemotherapy, radiotherapy, corticosteroids and antimitotic drugs [5, 61] . Vincristine, cyclophosphamide and methotrexate, are drugs that are often used in these disorders [47] . teeth with tooth loss, whereas in type II the manifestations are in milder forms, except for the chronic severe periodontitis [50, 51] .
The treatment of choice is considered bone marrow transplantation. In recent years, gene therapy seems promising in order to treat severe immunodeficiencies [5] .
Different kinds of therapeutical approaches have been suggested, for example periodontal treatment with or without antibiotics or even multiple extractions of teeth [14] . The management of the aggressive periodontitis in these patients is very challenging and many times unsuccessful.
Papillon-Lefèvre syndrome:
This syndrome is a skin disorder, characterized by hyperkeratosis of the palms, the soles of the feet and rapidly progressive periodontitis that leads to early loss of the primary and permanent teeth. The disease is rare and is inherited as an autosomal-recessive trait with a prevalence in the general population of 1 to 3 or 4 per million [5, 52] . A mutation of the gene encoding for Cathepsin-C is associated with the disease [53, 54] . Cathepsin-C functions as a key enzyme in the activation of serine proteases in immune and inflammatory cells [55] . Other features included are mental retardation, intracranial calcification and recurrent pyogenic infections [51] . Furthermore, this mutation affects the neutrophil responses to microbial pathogens, and causes an increase in the amount of PMNs, at sites of periodontal inflammation.
The aggressive periodontitis with premature loss of primary and permanent teeth is due to the immune alterations, a disturbed epithelial function in the gingival tissues and the presence of Aggregatibacter actinomycetemcomitans [56] . After eruption of the primary teeth, gingiva becomes inflamed and then it follows a rapid destruction of the periodontal tissues. When primary teeth are lost, the inflammation subsides, and gingivae return to a normal state. The same pattern is applied to the permanent teeth. In the radiographic examination "floating teeth" are observed, due to alveolar bone loss.
A combination of conventional periodontal therapy (mechanical debridement) and antibiotics of amoxicillin or amoxicillin and clavulanic acid, with a dose of 20-50 mg/kg/day or 20-40 mg/kg/day every 8 hours in primary dentition, and in permanent dentition amoxicillin with a dose of 20-50 mg/kg/day plus metronidazole, with a dose of 15-35 mg/kg/day, every 8 hours respectively, seems to control the periodontal disease in these patients [56] . In cases of severe inflammation of primary teeth, extraction is indicated at least 6 months prior to the eruption of first permanent teeth [56] . Ullbro evaluated an oral treatment protocol, which showed that compliance of the patient had a strong impact on the bleeding surfaces and pathological periodontal pockets. In the same study, it was revealed that there was no and P. gingivalis in periodontal pockets [72] .
The maintenance therapy of SCN occurs with granulocyte colony-stimulating factor, but the only curative treatment is hematopoietic stem cell transplantation [29, 30] .
Recommended therapy is scaling and root planing, soft-tissue curettage and use of selected antimicrobial agents. Okada, et al. [28] reported that patients who received local antibiotic prophylaxis and controlled oral hygiene, showed improvement of gingival conditions. Cohen syndrome: Cohen syndrome is a rare genetic disorder with an autosomal-recessive mode of transmission. It is caused by a mutation in the VPS13B gene. These patients have intellectual disability, developmental delay and their physical appearance is characteristic: Narrow hands and feet with long, slender fingers, often truncal obesity, and prominent upper central incisors [6] .
The affected individuals have often granulocytopenia and neutropenia, resulting in vulnerability to infections, including periodontitis, but seem to be able to respond to severe bacterial infections [74] . Alaluusua, et al. [74] showed through their research in subjects with Cohen syndrome and chronic neutropenia, that early periodontal breakdown is a clinical feature of Cohen syndrome and that it does not depend on the severity of neutropenia, but on the age. They reported that young patients present better resistance to periodontitis than older ones.
Ehlers-Danlos syndrome (Types IV and VIII):
It is a connective tissue disorder, which results mostly from an abnormality of type I or III collagen and affects the joints and skin. The prevalence is between 1 in 5000 and 1 in 10000 [75] . It has been classified into ten types according to the clinical symptoms and inheritance pattern [5] . Type IV or Vascular type and type VIII have been associated with severe periodontitis [49] and Type I predisposes to localized periodontitis [76] . Type IV has an autosomal dominant/recessive pattern and type VIII has an autosomal dominant pattern with a prevalence 1 in 50000 [75] . Type IV and VIII are characterized by skin hyperextensibility, fragility, scarring, joint hypermobility, normal to slightly increased bruising on mild trauma, early-onset periodontitis, gingival recessions and thin gingiva and/or absence of attached gingiva [77] . Type IV except from the previous manifestations, presents a life-threatening visceral and large vessel rupture [5, 21] . Clinical symptoms of these types are similar, and the only way to distinguish them is the mutation in type III collagen metabolism, that is found in type IV [78] . Type VIII may be linked with a region on chromosome 12p13 [79] . Another study found that mutations in C1R or C1S may be responsible for Periodontal Ehlers-Danlos syndrome [77] .
Type VIII has been associated with severe periodon-A very thorough root scaling and planning is suggested in the affected areas. Localized and isolated mandibular lesions, that are common, maybe treated by surgical curettage, and if it results in a large bony defect, autologous bone grafts are suggested to decrease the risk of pathological fracture [61] .
Glycogen storage diseases:
These are rare metabolic disorders and cause the body to be less able to make enough glucose, or not be able to use glucose as a form of energy [63] . There are 18 known types of glycogen storage diseases. The subtype 1b is an autosomal-recessive disease caused by a deficiency of microsomal glucose-6-phosphate translocase. Typical "doll-like" facial appearance [64] , hypoglycemia, hyperlipidemia, lactic acidosis, gout and bleeding episodes are included in the manifestations of the disease [65] .
Patients also feature neutropenia, and therefore are more susceptible to infections, including oral ulcers, hyperplastic gingiva and periodontal infections. Prolonged bleeding is a possible complication in this type of patients.
The treatment for neutropenia, that is granulocyte colony-stimulating factor, will reduce the frequency of infections [66] [67] [68] .
Early preventive treatment including professional plaque removal and control of gingivitis is advisable [47] .
Severe congenital neutropenia (SCN) or Kostmann syndrome or Infantile genetic agranulocytosis: SCN is a disease with an autosomal-recessive or dominant and in some cases sporadic inheritance pattern, manifesting the first years of life, characterized by low absolute neutrophil count < 1.500/l, with severe recurrent bacterial infections and arrest of the myelopoiesis in the bone marrow at the level of promyelocyte/myelocyte stage [69] . The frequency is around 1-2 cases per million [16] . The gene mutations seen are: ELANE gene encoding neutrophil elastase, which is more common in the dominant or sporadic forms of the disease [26] , and in the recessive form the HAX1 gene, which encodes the mitochondrial antiapoptotic protein HS1-associating protein X-1 [70] . Patients with ELANE mutations seem to present more severe forms of periodontal disease compared to patients with HAX1 or unknown mutations [71, 72] . It has been found that the neutrophils in these diseases can also have qualitative deficiencies, such as in the antimicrobial protein pro-LL-37 and reduced level of the human neutrophil peptide 1-3 in the granules, which means that their antimicrobial activity is reduced [73] .
The diagnosis occurs in infancy and the reported oral clinical findings are: Gingival inflammation, increased probing depth and severe alveolar bone loss both in primary and in permanent dentition [6, 72] . The microbiology is not quite clear yet, although there is some evidence of the presence of A. actinomycetemcomitans 
Conclusion
The treatment of periodontitis in young patients with systemic diseases is many times challenging and a close collaboration with other specialties of medicine is required [6] . These children have often a decreased response to inflammation, and if antibiotic therapy is given, the results are many times not the expected [89] . Furthermore, the medications for the treatment of the systemic disorder can have side effects with oral manifestations, such as oral mucositis during cytostatic chemotherapy [90] . Therefore, the main goal for the dentist when treating periodontal disease in these patients is to control the microbial dental plaque and offer an adequate maintenance treatment [6, 56, 76] .
Compliance to a treatment protocol with secondary prevention as in patients with Papillon-Lefèvre syndrome seems significant for a successful outcome [56] . The findings of Tsilingaridis [34] suggest that in children with Down syndrome, it is important to provide a primary preventive treatment before the development of periodontitis.
Periodontal diseases and especially periodontitis is often the major clinical characteristic of these systemic disorders. Therefore, if a child or adolescent has periodontitis, the dentist should make a differential diagnosis between periodontitis because of familial aggregation and periodontitis because of diminished host response due to a systemic disorder. In such a case, a referral and cooperation with the pediatrician is needed for the best outcome of the child's general health. Also the experience of a specialist in Periodontics is of value in such cases in order to customize the therapeutic and preventive approach for each patient.
titis and premature loss of teeth [5, 76] . Although Type IV also features as well severe periodontitis, it is the type VIII that is the most common type, presenting with severe periodontitis [49] . A defect in type III collagen found in type IV Ehlers-Danlos syndrome, can undermine the integrity of the periodontal apparatus as 9% of the gingival collagen and 16%-18% of the total collagen of the periodontium is composed of type III collagen [21] . Fusobacterium nucleatum has been found in active lesion sites [76] .
There is no specific treatment for the syndrome, although for the patients in whom bleeding abnormality is recognized, desmopressin can prevent or decrease the risk of hemorrhage during surgical procedures [79] . Because of the deficient collagen biosynthesis, aggressive periodontitis can occur at an early age. During dental therapy, these patients need special caution because of the fragility of the tissues and the healing after periodontal treatment can be slow and inadequate [47] . So, chemical and mechanical plaque control is advised for prevention of periodontitis [76] .
Hypophosphatasia: Hypophosphatasia is a rare metabolic autosomal disorder with a deficiency in tissue nonspecific alkaline phosphatase activity. This deficiency results in accumulation of extracellular pyrophosphate and causes the inhibition of skeletal and dental mineralization [80] [81] [82] [83] . There are six different clinical forms of the disease, and they are divided according to the age of the patient and degree of severity. It may appear in a perinatal from, a severe infantile form within 6 months of life, a milder form occurring in childhood or late adolescence within 6-24 months, an adult form, a form of odontohypophosphatasia or as a rare benign prenatal form [84] . Childhood hypophosphatasia is the most common form in dentistry characterized by delayed walking, short stature, bulging eyes and a "beaten-copper" appearance of the calvarium [84, 85] .
Patients that belong to the odontohypophosphatasia form, present taurodontism and there is absence of root cementum, which leads to inadequate attachment of the tooth to the periodontal ligament and premature exfoliation of deciduous teeth [84, 86, 87] .
Patients that feature the infantile or childhood form, share a common clinical symptom, premature exfoliation of teeth [84] . There is no increased gingival inflammation or periodontitis and the immune response to infections is not defective [88] .
Treatment varies depending on its stage and classification and focus on treating bony deformities. Control of hypercalcemia is important and vitamin D supplements can improve the clinical presentation [48] .
Regarding the dental therapeutical approach, it is often needed to extract primary teeth with high mobility, but on the permanent dentition it is suggested to follow a more conservative therapy and try to keep the teeth [5] . 
